The original impression of the high incidence of massive shadows in arthritics was confirmed in that about 90% of the 51 cases showed massive fibrosis. This compares with an incidence of about 30% of massive fibrosis in all men examined. It was also noticed that in about 25% of the arthritics the radiological opacities in the chest were of a peculiar type and often easily distinguishable from the usual appearances of progressive massive fibrosis (P.M.F.) (Fletcher, 1948) . No reference has been found in the literature to this unusual radiological appearance, and this paper is presented with the object of drawing attention to the lung changes associated with rheumatoid arthritis in coal-miners.
THE CHARACTERISTIC RADIOLOGICAL APPEARANCE
The characteristic feature is the presence of multiple, well-defined, round opacities, 0.5 to 5 cm. in diameter, distributed throughout both lung fields but particularly at the periphery (Figs. 1-3 ). An important finding in these cases is that the back-.ground of simple pneumoconiosis is often slight or absent (category* 1 or 0). Evidence is also available that the opacities appear rapidly, that is, within months, and tend to remain stationary in most but not all cases.
The differences between these appearances and those seen in progressive massive fibrosis are * Categories of simple pneumoconiosis as defined by Fletcher, Mann, Davies, Cochrane, Gilson, and Hugh-Jones (1949) : category 1 =mninimal, category 2 =moderate, category 3 =marked. Category 0 is not defined. it is read when specific dust opacities are either absent or sparser than in the standard (P.R.U.) category 1 film. summarized in Table I . In contrast to the " rheumatoid" opacities the opacities of P.M.F. are, in the early stages, not well defined, more irregular in out-line, larger, rarely more than two in number in each lung field, and commonly in the right upper zone. In addition, Fletcher and others (1949) 32 respiratory disability was related as much to age and the duration of arthritis as to the extent of the radiological opacities.
Specimens of sputa were examined for tubercle bacilli by smear and culture in 23 cases, but with negative results. In one case investigated by the Pneumoconiosis Research Unit at Llandough Hospital tubercle bacilli were isolated from two out of seven gastric lavages. The bacilli were described as being pathogenic but morphologically atypical. In this case a radiograph nine months before the onset of arthritis at the age of 37 showed a small irregular opacity at the right apex, with a background of category 1 pneumoconiosis. Four months after the onset of arthritis the apical opacity was larger, and there were many round opacities in both lungs. A full course of streptomycin and para-aminosalicylic acid caused no change in the radiographic appearances. Eighteen months later the number and size of the opacities had increased, though there were no constitutional symptoms.
FATAL CASES.-There were three fatal cases.
Case 44.-This was a man aged 73. Arthritis began about 13 years before death, and he had been bedridden for many years. A chest radiograph taken by the P.R.U. during the Rhondda Fach Survey about six months before death showed extensive bilateral opacities, mainly of P.M.F. type, with a few discrete, round opacities in the left lower zone. The lungs at necropsy showed masses indistinguishable from P.M.F. and a number of discrete nodules, 1 cm. diameter, which appeared to be encapsulated. There was in addition a small tuberculous cavity in one of the masses with early tuberculous bronchopneumonia. Microscopy of the non-tuberculous lesions showed undifferentiated fibrous tissue.
Case 38.-A man aged 46 had had severe arthritis for 12 years, and had been bedridden for 11 years. A chest radiograph, of poor quality, taken seven months before death on account of melanoptysis, showed P.M.F. in both mid-zones with possible cavities in the right mid-zone. The immediate cause of death was cerebral haemorrhage. The lungs showed sparse silicotic nodules with masses at the bases of both upper lobes. An ischaemic cavity was present in a mass in the right lung. Microscopy showed undifferentiated fibrous tissue in the masses and typical silicotic whorling in the nodules. Human type tubercle bacilli were obtained on culture of material from a massive lesion.
Case 17.-A man then aged 26 was first examined in March, 1950. He had been a collier for 12 years and was still at work. He complained of lassitude, cough, and joint pains of about 18 months' duration; five months before he had once coughed up sputum streaked with blood. There was slight dyspnoea on moderate exertion. His physique was poor (weight 130 lb., afebrile, pulse 92). No abnormal physical signs were C detected in the chest. Typical subacute rheumatoid arthritis involved fingers, wrists, ankles, and knees. A chest radiograph showed small, medium, and large irregular opacities involving all zones at both lung fields, and a cavity 4 cm. diameter with a fluid level in the right upper zone. Sputa were negative for tubercle bacilli on culture. He was examined again in August, 1951, and stated that the joints had improved after a course of gold injections and that he was working as an underground electrician. His general condition was unchanged (weight 131 lb.). The joint lesions were quiescent. A chest radiograph showed that the cavity had filled and the opacities in the left mid-zone were more extensive. He remained at work until May 16, 1952, when he died suddenly after a large haemoptysis.
The lungs at necropsy showed moderate numbers of soft coal foci and a few palpable infected nodules. There was a large tuberculous cavity in the right upper lobe, an irregular "dust" mass in the right middle lobe, and a spherical mass with an ischaemic cavity in the apex of the lower lobe. A large chronic tuberculous cavity containing blood clot was present in the left upper lobe. The tuberculous nature of the cavities was confirmed by microscopy. The histological findings in the infective nodules and massive fibrosis lesions were similar to those found in complicated pneumoconiosis.
DIscussIoN
It is obviously of primary importance to establish at the outset that a characteristic and recognizable radiographic appearance does occur in the lungs of coal-miners suffering from rheumatoid arthritis. It may be argued that the cases described in this paper are examples of the coincidental presence in one individual of two common diseases in South Wales, massive pneumoconiosis and rheumatoid arthritis. This may well be so in a small proportion of cases, but the available evidence supports the contention that in the majority of cases the association of the two conditions is more than coincidental.
There is, first, the striking fact that more than 90% of the 51 miners with rheumatoid arthritis showed radiographic opacities in the chest other than those due to simple pneumoconiosis. The incidence of P.M.F. in all men examined is about 30%; if the diseases were coincidental, a similar proportion of the arthritics should show massing.
Secondly, the radiographic appearances of the massive shadows are often not typical of P.M.F., and in about 25% of cases there is a distinct difference in the shape, number, and distribution of the opacities, rate of development, and background of simple pneumoconiosis from those seen in P.M.F.
In a subsequent paper it will be shown that it is possible, on the radiographic appearances alone, to select from a large group of films of P.M.F. those which are associated with rheumatoid arthritis.
Evidence of the possible presence of this lung lesion in arthritics not exposed to a dust hazard has been sought. Seventy chest radiographs (50 from South Wales and 20 from the London area) of non-miners suffering from rheumatoid arthritis were examined with negative results. Consultations with several rheumatologists confirmed the apparent absence of this type of chest lesion in non-miners. This suggests that the lung lesions are confined to workers exposed to a dust hazard. (One case in a brass foundry worker, not included in this series, has been seen.) If this finding is confirmed, it must be assumed that dust, even in small quantities, is intimately connected with the pathogenesis of the chest lesions.
The puzzling problem is the relationship between the lung and joint lesions. The association of thoracic neoplasms and polyarthritis and the dramatic improvement or even disappearance of the arthritis after removal of the tumour has been recognized for many years (Ellman, 1947) . It has also long been known that lung lesions may occur in the collagen group of diseases. Middleton (1951) , discussing pulmonary manifestations of systemic diseases, reported two cases of rheumatoid arthritis with pulmonary lesions. Details of the industrial history were not given and the radiographic appearances were not described in detail, but one of the two chest radiographs illustrated appeared to show a round opacity at the extreme right base with irregular opacities in both mid-zones. Respiratory symptoms and signs were stated to be absent in one case and slight in the other.
Ellman and Ball (1948) described three cases of " rheumatoid disease " with joint and pulmonary manifestations. Two patients, a fitter's mate and a cotton-mill worker, showed radiologically " reticular " shadows, a " bronchopneumonic lesion," and " bilateral basal opacities." Toxaemia was severe and death ensued. Histological examination of the lungs showed a " fibrosing pneumonitis." The third patient, a housewife, developed a " miliary mottling" throughout both lung fields and a diagnosis of periarteritis nodosa was suggested. The radiographic appearances in these cases were unlike those described in this paper. Ellman suggested that the joint and lung lesions were manifestations of one and the same pathological process, in both the essential lesion being a "rheumatoid granuloma."
The hypothesis that the round pulmonary lesions described in this paper are " rheumatoid granulomata " and perhaps similar in histology to the olecranon nodule is attractive. On this hypothesis it would be reasonable to expect that similar lung lesions would be equally common in non-miners. It has been suggested that rheumatoid granulomata may, in fact, occur in non-miners but are not sufficiently radio-opaque to be seen in an ordinary chest radiograph, whereas the granuloma in a miner attracts dust and thereby becomes visible radiologically. This theory would be more acceptable if round opacities were more commonly associated with extensive simple pneumoconiosis (category 3) and less commonly with an insignificant or negligible degree of pneumoconiosis (category 0 or 1).
In order to establish whether a relationship exists between dust inhalation and rheumatoid arthritis it is necessary to compare the incidence of rheumatoid arthritis in miners (a) without pneumoconiosis, (b) with simple pneumoconiosis, (c) with massive pneumoconiosis and in non-miners. An investigation on these lines is now being pursued by the Pneumoconiosis Research Unit and will be published later. Lawrence and Aitken-Swan (1952) in an investigation in the Manchester area on rheumatism in coal-miners found that the incidence of rheumatoid arthritis was higher in non-miners than in miners. Confirmation of this finding in other coalfields is necessary.
The true nature of the lung lesion can only be a conjecture until biopsy material is obtained from an early case. Efforts to obtain permission for a thoracotomy have so far been unsuccessful. This unwillingness to consent to a biopsy is understandable in claimants for compensation. The problem is unlikely to be solved by post-mortem material from the long-standing arthritic case. For if it is assumed that the lung and joint lesions are of approximately equal duration, it is to be expected that any " granulomatous " lesion in coal-miners may attract dust and ultimately become fibrotic and indistinguishable histologically and radiologically from ordinary P.M.F.
It is now generally accepted in Great Britain that P.M.F. is a form of tuberculosis modified by dust. It If the suspicion that the pulmonary lesions are tuberculous is confirmed, the possible relationship between tuberculosis and rheumatoid arthritis will once more need re-examination. Poncet (1902) first suggested in 1897 that rheumatoid arthritis could be tuberculous in origin. Since then there has been much opposition, particularly in Great Britain and the U.S.A., to accept the concept of " tuberculous rheumatism." On the Continent, Poncet's views received greater support, and Reitter and L6wenstein (1930) stated they were able to obtain a positive blood culture for tubercle bacilli in many cases of rheumatoid arthritis. This was confirmed by some workers but not by others (Brav and Hench, 1934) . Opinion is divided in the few papers on " tuberculous rheumatism " by British workers (Thomson, 1910; Raw, 1914; Copeman and Clay, 1935; Copeman, 1936; Dickson, 1936) . Copeman is the only author who has described a large series (42 "selected" cases) and produces strong evidence (including 11 positive blood cultures by Liiwenstein) that in certain cases of rheumatoid arthritis a low-grade tuberculous infection may be related to the "course of the polyarthritis." Brav and Hench (1934) made a complete review of the extensive literature and discussed the case for and against the concept of tuberculous rheumatism. Reference was made to possible factors in the pathogenesis such as diffusible toxin, attenuated bacilli, ultravirus, trophic forms of the tubercle bacillus, and allergy. They comment: " It is not unreasonable to believe that a tuberculous infective agent of a somewhat different type, or of altered virulence, might produce in joints or in the lungs microscopic changes which do not possess the characteristic cellular elements and configuration attributed to tuberculosis." And they conclude:
" At present no incontrovertible proof exists to support the existence of such an entity." SUMMARY Attention is drawn to an association in coalminers of rheumatoid arthritis and unusual radiographic appearances in the chest. Of about 14,000 claimants for pneumoconiosis disablement benefit, 51 were found to be suffering from rheumatoid arthritis. About 90% of the 51 cases showed massive fibrosis as compared with an incidence of about 30% of massive fibrosis in all men examined.
In 13 of the 51 cases the radiographic appearances were of a peculiar type and often easily distinguishable from progressive massive fibrosis (P.M.F.) in that the opacities were multiple, round, well defined, and distributed fairly evenly throughout both lung fields. particularly at the periphery. In addition, the background of simple pneumoconiosis was often slight and the lesions developed fairly rapidly. In other cases the radiological appearances resembled P.M.F. (seven cases), tuberculosis (six cases), or a " mixed " type of lesion (21 cases). Only four of the 51 cases showed simple pneumoconiosis alone.
The lesions were not usually associated with constitutional symptoms and respiratory disability was often only slight.
The possible nature of the chest lesion is briefly discussed. A tentative suggestion is made that (a) the lesions are probably allied to tuberculomata and are a form of tuberculosis modified by dust, and (b) the joint changes may be a manifestation of" tuberculous rheumatism."
The problem of the relationship between the chest and joint lesions will remain unsolved until more is known concerning the epidemiology of rheumatoid arthritis, the clinico-pathological changes, and the histological appearance of an early 
